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ABSTRACT 

The magnetic field investigation (FGM) is designed 
to provide inter-calibrated measurements of the 
magnetic field vector B at the four Cluster 
spacecraft. The objective of this investigation, 
like that of the mission as a whole, is the study 
of small scale plasma structures and processes in 
the Earth's environment. The instrumentation is  
identical on the four Spacecraft: it consists of 
two tri-axial fluxgate sensors and of a failure 
tolerant Data Processing Unit. The combined 
analysis of the four-spacecraft data will yield 
such parameters as the current density vector, wave 
vectors and the geometry and structure of 
discontinuities. This paper outlines bath the 
instrumentation to be used and the proposed data 
analysis techniques. 
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1. INTRODUCTION 

Cluster is a new type of magnetospheric mission, 
providing an opportunity t o  determine, through the 
use of the four-spacecraft configuration, the three 
dimensional, time dependent characteristics of 
small scale Structures in the near-Earth space 
plasma both in the magnetosphere and in the nearby 
interplanetary medium. 
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When magnetised plasmas from different sources 
interact, the high electrical conductivity of the 
plasmas prevent them from mixing readily. Instead, 
a thin boundary current sheet is formed between 
them. The interactions which then occur to 
transfer mass, momentum and energy between the two 
plasmas involve small scale phenomena operating in 
the boundary, such as localised, transient 
reconnection (flux transfer events) or turbulent 
diffusion. Addit ionally, at super-magnetosonic 
relative flow speeds, a shock is formed upstream of 
the boundary, again involving processes on small 
spatial scales. 

Phenomena such as these are ubiquitous in all 
cosmic plasmas, but can only be studied in situ in 
solar system plasmas. The closest available 
space plasmas for detailed study are to be found in 
the Earth's magnetosphere and in the region of its 
interaction with the solar wind. The orbit of 
Cluster has been chosen to sample most of the key 
features of this system. The regions which will be 
studied by Cluster are the dayside magnetospheric 
boundary, both at mid-latitudes and in the cusp 
where processes associated with magnetic 
reconnection and turbulence are believed t o  occur, 
the near-Earth magnetospheric tail on the nightside 
which undergoes periodic large-scale magnetic 
reconfigurations during substorms, and the upstream 
solar wind, bow shock and magnetosheath. 
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In the context of the overall mission aims, it is 
obvious that an accurate determination of the 
magnetic field is basic to any plasma physics 
investigation. In a magnetised plasma, the 
magnetic field largely orders the plasma 
populations and strongly influences the propagation 
of waves. Thus not only is the magnetic field 
investigation to be regarded as a research 
instrument in its own right, but i t  also provides 
information which is essential for interpreting 
data obtained by other instruments. 

In the next section of this paper we present 
considerations concerning the analysis of the 
four-spacecraft magnetic field data. The novelty 
of Cluster is that i t  provides the opportunity to 
derive three dimensional, time-dependent parameters 
characterising the plasma, such as current density 
vectors, wave vectors and vector normals of 
discontinuities and boundaries. The applicability 
and limitations of the data analysis techniques are 
dependent not only on the physics and scale sizes 
of phenomena along the orbit of Cluster, but also 
on the accuracy, in space and time, with which the 
four-spacecraft configuration is defined, the 
inter-calibration of the magnetometers, and the 
success of the magnetic cleanliness programme. 

A detailed description of the instrumentation being 
developed for Cluster is given in Section 3. 
Despite a number of uncertainties concerning the 
implementation of the instrument (acceptable at 
this stage of the development programme), its main 
characteristics and performance parameters have 
been fully defined. The organisation and tasks of 
the international investigator team are given in 
Section 4 .  

2. FOLX-SPACE:CRAFT DATA ANALYSIS TECHNIQUES 

2.1 The Cluster magnetic field data set 

The data required by this investigation consists 
not only of the output of the instrument, but also 
of information on the orbit, attitude and time of 
each one of the four spacecraft. We define the 
primary data set as follows: 

- the simultaneous measurement of the magnetic 
field vector at four locations in space, 

- the three vectors giving the relative locaLions 
of three spacecraft with respect to the fourth, 
taken as the reference, and 

- the vector giving the location of the reference 
spacecraft in an Earth-related inertial 
coordinate sytem. 

All eight vectors are determined as a function of 
time and in coordinate systems which must be 
related to each other in a known way. 

In the following subsections we describe three 
techniques, using this data set, which will be 
routinely implemented in the data analysis 
programme. All three imply making assumptions 
about the processes being investigated, but all 
three are susceptible to powerful validity checking 
techniques. 

The logic implicit in these techniques can be 
extended to the use of more general model testing 
methods, as already introduced in other branches of 
geophysics. Briefly stated, quantitative tests of 

models, theoretical or semi-empirical, can be 
carried out by calculating cross-correlation (or 
overlap) integrals between models and the data seL. 
The development of such analysis techniques is an 
important pre-launch activity, involving the 
development of physical models and quantitative 
test procedures, as well as the prepafation of 
basic processing for intercalibrat ion of 
instruments in flight. 

2.2 

The first and most publicised use of the four 
spacecraft magnetic field data is the determination 
of the current density vector by applying the 
integral form of Ampere's law to the faces and 
edges of the tetrahedron formed by the four 
spacecraft, using the vectors specifying their 
separations and the vector differences of the 
magnetic field measured by the four magnetometers. 
This technique, which we name the "curlometer" 
because i t  provides a measure of curl B, is 
equivalent to a measurement of Lhe average current 
density vector, as illustrated schematically in 
Figure 1. 

The method is limited to the case when the field 
varies uniformly within the tetrahedron, or 
equivalently, when the current distribution is 
uniform on the separation scale of the spacecraft. 
Current distributions are expected to have scale 
sizes about 100 km, smaller than the Cluster 
spacecraft separations, at several locations along 
the orbit, such as in the magnetopause, the plasma 
sheet boundary, shocks etc. A good estimate of the 
quality can be obtained by evaluating the residual 
value of div B, or the total flux of the field 
through the faces of the tetrahedron. This value 
should be small (when compared to the magnitude of 
curl B), othervise the current density estimates 
are unsafe to use without further consideration, if 
at all. 

Determination of the current density vector 

R -3 
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Figure 1. The Cluster tetrahedron, indicating the 
currents which can be calculated using 
Ampere's law. 

The estimate of the current density is also very 
sensitive to the accuracy with which the separation 
vectors are known; and, because of the use of 
vector differences of I) between magnetometers, to 
the intercalibration of the instruments, the 
knowledge of their orientation and alignment, and 
the residual magnetic field of  the spacecraft at 
the location of the sensors. All these potential 
error sources interact strongly in the estimate of 
the current density. An extensive modelling 
programme of the potential error sources has been 
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i n i t i a t e d  t o  a s s i s t  w i th  the  s c i e n t i f i c  da ta  
a n a l y s i s .  A p re l imina ry  r e s u l t  i s  t h a t  f o r  an 
e s t ima te  of Lhe cu r ren t  d e n s i t y  v e c t o r  a c c u r a t e  t o  
5%, v e c t o r  s e p a r a t i o n s  must be known wi th  an e r r o r  
of 1%.  
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2.3  The wave t e l e scope  technique  

The c h a r a c t e r i s a t i o n  of waves i n  the  magnetosphere, 
magnetosheath and nearby i n t e r p l a n e t a r y  space  i s  an 
important o b j e c t i v e  f o r  C l u s t e r .  I f  t he  combined 
a n a l y s i s  o f  t h e  magnetir  f i e l d  d a t a  from the  four  
spacec ra f t  i s  done i n  t h e  the  wave number vs. 
frequency domain, r a t h e r  than i n  space  and t ime, 
in format ion  on wave v e c t o r s  ran  he der Iv~pd- )  
assuming t h a t  t h e  observed waves can be ana lysed  i n  
terms o f  monochromatic p lane  waves wi th  wavelengths 
comparable o r  l a r g e r  than the  C l u s t e r  s epa ra t ion  
d i s t a n c e s .  

Although t h i s  assumption i s  r e s t r i c t i v e  and is  not 
l i k e l y  t o  be v a l i d  g e n e r a l l y ,  t h e r e  a r e  a number of 
w a y s  i n  which t h e  a p p l i c a b i l i t y  of t h e  technique 
can be t e s t e d .  Waves can he r h a r a r t e r i s e d  by !his 
technique i f  t hey  a r e  coherent  a t  t he  l o c a t i o n  of 
the  four  s p a c e c r a f t .  The coherence  l e n g t h  of the 
s i g n a l s  i s  l i k e l y  t o  be on ly  a few times the 
wavelength u n l e s s  t he  waves are very  monochrome, so 
t h a t  f o r  wavelengths much s h o r t e r  than the 
spacec ra f t  s e p a r a t i o n ,  s i g n a l s  w i l l  f a i l  the 
coherence test .  Th i s  and o t h e r  phys ica l  
c o n s t r a i n t s ,  such a s  t h e  d ivergence- f ree  na tu re  of 
t he  magnetic f i e l d ,  w i l l  a s s i s t  i n  e s t a b l i s h i n g  the 
v a l i d i t y  of r e s u l t s  der ived  by t h i s  technique .  

2.4 D i s c o n t i n u i t y  a n a l y s i s  

The de te rmina t ion  of t h e  geometry and s t r u c t u r e  of 
d i s c o n t i n u i t i e s ,  boundar ies  and shock waves i s  one 
of t h e  major o b j e c t i v e s  of C l u s t e r .  The s imples t  
assumption i s  t h a t  d i s c o n t i n u i t i e s  are p lana r  on 
the  s c a l e  o f  t he  i n t e r - s p a c e r r a f t  d i s t ance .  
Ca lcu la t ion  o f  t h e  normals a t  the  f o u r  s i tes ,  us ing  
minimum v a r i a n c e  a lgo r i thms ,  i s  a powerful t e s t  of 
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t he  assumption, t o g e t h e r  w i th  t h e  t iming  o f  t he  
d i s c o n t i n u i t y  by t h e  f o u r  s p a c e c r a f t .  

A q u a n t i t a t i v e  proof of p l a n a r i t y ,  o r  a measure of 
the  depa r tu re  from p l a n a r i t y  w i l l  be t h e  s t a r t i n g  
point f o r  sys t ema t i c  s t u d i e s  on t h e  s t r u c t u r e  o f  
d i s c o n t i n u i t i e s  and i n t e r f a c e  phenomena. 

3. INSTRUMENT DESCRIPTION 

I d e n t i c a l  i n s t rumen t s  a r e  fo re seen  f o r  a l l  f o u r  
C l u s t e r  s p a c e c r a f t .  Fach ins t rument  c o n s i s t s  o f  
two boom-mounted t r i a n i a l  f l u x g a t e  s e n s o r s  2nd an 
eleitiouics U U ~ L  i n  Liie s p a c e c r a f t  c o n t a i n l n g  the  
d r i v e  and sense  e l e c t r o n i c s  o f  t h e  s e n s o r s ,  s i g n a l  
m u l t i p l e x e r s  and ana logue- to-d ig i ta l  r o n v e r t e r s ,  a 
rliial-prnressor &ti Prncess ing  Un i t ,  and a dua l  
DC-DC power c o n v e r t e r .  The b lock  diagram o f  t h e  
ins t rument  i s  shown i n  F igu re  2. 

Magnetometers have become c l a s s i c a l  i n s t rumen t s  on 
a l l  pa r t  i c l e s -and- f i e lds  miss ions .  For s e v e r a l  
J c P L U  U l a t ; ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ b  i i d v e  outperformed tne 
mission requi rements  i n  terms of s e n s i t i v i t y ,  
r e s o l u t i o n  and n o i s e  l e v e l .  The key d i f f e r e n c e s  i n  
ins t rument  performance from mission t o  miss ion  have 
come from the  a v a i l a b l e  t e l eme t ry  r a t e s ,  t he  amount 
of onboard p rocess ing  and the  l e v e l  and s t a h i l i t y  
of t he  background magnetic f i e l d  due t o  the  
s p a c e c r a f t .  

In  t h e  c a s e  o f  C l u s t e r ,  t h e  magnetometer s e n s o r s  
and t h e i r  e l e c t r o n i c s  have been i n h e r i t e d  from 
previous  mis s ions ,  such  as G i o t t o  and AMPTECCCE). 
However, t h e  s c i e n t i f i c  requi rements  ( d a t a  a n a l y s i s  
i n  terms o f  v e c t o r  d i f f e r e n c e s  between s p a c e c r a f t )  
now c a l l  f o r  h ighe r  r e s o l u t i o n ,  hence t h e  need f o r  
14-bi t ana logue- to-d ig i ta l  convers ion .  The use  of 
microprocessors  enable  a more f l e x i b l e  approach t o  
onboard p rocess ing ,  used f o r  f i l t e r i n g ,  event 
r e c o g n i t i o n  e t c .  Furthermore,  t he  des ign  aim i s  t o  
e l i m i n a t e  s i n g l e  po in t  f a i l u r e  modes, i n  o t h e r  
te rms ,  t o  make t h e  ins t rument  f a i l u r e  t o l e r a n t .  
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Figure  2. Block diagram of the C l u s t e r  magnetometer. 
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3.1 The f l u x g a t e  magnetometers 

~ DRIVER - i 2  i 2  

Fluxgate s e n s o r s  have been proved rugged and ve ry  
r e l i a b l e  i n  space  use. The i r  performance f u l l y  
s a t i s f i e s  t h e  s c i e n t i f i c  requi rements  o f  t he  
miss ion .  The schematic block diagram of a s i n g l e  
a x i s  s enso r  is  shown i n  F igure  3 .  

A f l u x g a t e  magnetometer c o n s i s t s  of t h r e e  elements:  
a s e n s o r ,  t h e  d r ive  e l e c t r o n i c s ,  and t h e  sense  
e l e c t r o n i c s .  The sensor  t o  be used f o r  C l u s t e r  has  
a t o r o i d a l  magnetic co re ,  w i th  a t o r o i d a l  primary 
winding, c a r r y i n g  the d r i v e  s i g n a l ,  i n  t h i s  
i n s t a n c e  a d i f f e r e n t i a t e d  square  wave of about 15 
kHz, d r i v i n g  t h e  core deep i n t o  s a t u r a t i o n  twice 
per cyc le .  The secondary winding i s  p laced  on a 
r ec t angu la r  c o i l  former around the  co re ;  t h e  a x i s  
of t he  secondary o r  s ense  winding i s  t h e  a x i s  o f  
t h e  senso r .  

The s i g n a l  out of the senso r  a t  t he  second harmonic 
frequency o f  t he  d r ive  waveform i s  p ropor t iona l  t o  
the  component o f  the ambient f i e l d  a long  the  senso r  
a x i s .  This  s i g n a l  i s  f i r s t  ampl i f i ed  then  d e t e c t e d  
synchronously wi th  a phase s e n s i t i v e  d e t e c t o r ,  
i n t e g r a t e d ,  and fed back i n  the  form of c u r r e n t  
(henre  the  u s e  of a vo l tage- to-cur ren t  c o n v e r t e r ,  
o r  t ransconductance  a m p l i f i e r )  t o  t he  s e n s e  winding 
t o  make the  senso r  ope ra t e  c l o s e  t o  i t s  n u l l  po in t .  
The d r i v e  waveform gene ra to r  a l s o  p rov ides  the  
second harmonic phase r e fe rence  used i n  the  
synchronous d e t e c t o r .  

Three senso r s ,  arranged i n  an or thogonal  t r i a d ,  
c o n s t i t u t e  each  of the two senso r  a s sembl i e s  t o  be 
mounted on t h e  spacec ra f t  boom. The two s e t s  of 
s e n s o r s  f o r  each spacec ra f t  a r e  r equ i r ed  p a r t l y  f o r  
redundancy, and p a r t l y  f o r  moni tor ing  the  i n - f l i g h t  
background f i e l d s  of t h e  s p a c e c r a f t .  The s e n s o r s  
are l i n k e d  by the  boom cab le  h a r n e s s  t o  t h e i r  
r e s p e c t i v e  d r i v e  and s e n s e  u n i t s  i n  the  ins t rument  
e l e c t r o n i c s  box i n  the s p a c e c r a f t .  

The magnetometers a r e  e i g h t  range in s t rumen t s ,  
p rovid ing  a b i p o l a r  f u l l  s c a l e  obtput  v o l t a g e  f o r  
f i e l d  v a l u e s  from t/- 4 nT t o  +/- 65,536 nT, each  
range be ing  f o u r  times t h e  preceeding  range. Range 
swi tch ing  w i l l  be c o n t r o l l e d  a u t o m a t i c a l l y  by the  
DPU. I t  i s  planned I O  use  only  f o u r  of t h e  r anges ,  
as shown i n  Table  1. 

- 60 kHZ 

TABLE 1 

Range Reso lu t ion  

+/- 256 nT +/- 0.015 nT 

+/- 1024 nT +/- 0.061 nT 

+/- 8192 nT +/- 0.5 nT 

+/- 65536 n T  t/- 4 nT 

The 65,536 nT range i s  r e se rved  f o r  ground t e s t i n g .  
The r e s o l u t i o n  shown i n  Table 1 r e s u l t s  from t h e  
use  of a 14-bit ADC. 

I n  view of t h e  expec ted  low tempera ture  (-100 OC) 
du r ing  e c l i p s e s ,  a 0.25 W h e a t e r  i s  inco rpora t ed  i n  
the  s e n s o r s ,  powered by a 40 kHz i n v e r t e r  i n  t h e  
e l e c t r o n i c s  u n i t ,  u s ing  a ded ica t ed  power supply .  

3.2 Analogue-to-digi t a l  conve r s ion  

The two s e n s o r s  provide  t h r e e  analogue vo l t ages  
each ,  cor responding  t o  the  components of t he  
magnetic f i e l d  v e c t o r  measured by the  senso r s .  The 
s i g n a l s  from both  s e n s o r s  a r e  f e d  i n  p a r a l l e l  t o  
two ana logue  m u l t i p l e x e r s ,  fo l lowed by two 14-bit  
ana logue - to -d ig i t a l  c o n v e r t e r s  (ADC) .  

I n  r o u t i n e  o p e r a t i o n  on ly  one of t h e  pa ths  will be 
used ,  c o n t r o l l e d  by t h e  DPU, normally on ground 
command. ( I t  i s  fo reseen  t h a t  au tomat ic  swi tch ing  
w i l l  a l s o  be inco rpora t ed ,  f o r  u se  i n  f a i l u r e  
recovery  and du r ing  t h e  i n - f l i g h t  c a l i b r a t i o n  t e s t  
sequence . )  

The A D C s  used a r e  16-bit  s u c c e s s i v e  approximation 
types ,  s h o r t  cyc led  t o  14 b i t s ,  w i th  t iming  and 
sequencing  s i g n a l s  gene ra t ed  by t h e  DPU. The 
convers ion  time f o r  each  v e c t o r  i s  about 0.2 m s .  

3.3 The Data P rocess ing  Unit (DPU) 

The f u n c t i o n s  of t h e  DPU a r e :  

- Contro l  and sequencing  o f  t h e  d i g i t i s a t i o n  o f  the  
ana logue  v o l t a g e s  r e p r e s e n t i n g  t h e  magnetic f i e l d  
components measured by t h e  s e n s o r s .  The nominal 
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Figure  4 .  Block diagram of t h e  Data P rocess ing  Uni t .  

i n t e r n a l  sampling r a t e  is 100 v e c t o r s / s ,  a l though 
t h i s  f i g u r e  i s  y e t  t o  be  confirmed when the  f i n a l  
t e l eme t ry  r a t e  and in t e rmed ia ry  d i g i t a l  f i l t e r i n g  
a?goii:hns ( s e e  below) are confirmed. Sampiing 
is synchronous wi th  t h e  s p a c e c r a f t  c lock ,  no t  
w i th  t h e  s p i n .  

- Range c o n t r o l  of t h e  magnetometers. Upranging i s  
implemented i f  any of t h e  t h r e e  components 
r eaches  a va lue  i n  an  upper guard band (def ined  
as  t h e  upper 10% of the  range) .  The instrument 
w i l l  be pu t  i n t o  t h e  lower range  i f  a l l  t h r e e  
components of t h e  v e c t o r  remain i n  the  lower 
guard band (de f ined  as  t h e  lower 10% of the  
range)  f o r  a complete s p i n  of t h e  spacec ra f t .  
Automatic ranging  can be over r idden  by ground 
command. The range c o n t r o l  i s  g iven  t o  each 
magnetorwter i n  the  form of a th ree -b i t  command 
word. 

--- 

- Process ing  of magnetic f i e l d  d e  f o r  te lemet ry  
t r ansmiss ion .  
is  aimed t o  s tudy  t h e  neighbourhood o f  shocks ,  
where t h e r e  i s  enough wave power i n  the  upper end 
of t h i s  f requency  range .  
t r ansmiss ion ,  a rate of 1000 bps has  been 
a l l o c a t e d ,  enough t o  t r ansmi t  about 20 v e c t o r s / s .  
The DPU w i l l  p rocess  t h e  f u l l  bandwidth 
d i g i t i s e d  d a t a  s t r eam,  us ing  d i g i t a l  f i l t e r i n g  t o  
t a i l o r  t h e  bandwidth of t he  ou tpu t  t o  the  
t r a n s m i t t e d  d a t a  r a t e .  The cu r ren t  p l an  i s  t h a t  
i n  r o u t i n e  o p e r a t i o n s  t h e  outboard magnetometer 
w i l l  g e n e r a t e  16 v e c t o r s / s ,  whi le  t he  t r ansmi t t ed  
rate from the  inboard  s e n s o r  w i l l  be 4 v e r t o r s / s .  
Other o p t i o n s  can a l s o  be implemented, f o r  
example a mode i n  which the  two senso r s  gene ra t e  
t h e  same d a t a  rate.  

The d e l e t i o n  of an  event  t r i g g e r e d  bu r s t  memory 
mode i n  t h e  s p a r e c r a f t  ran  be t o  some ex ten t  
mi t iga t ed  by gene ra t ing  s t anda rd  d e v i a t i o n  d a t a  
and by computing band pass  f i l t e r e d  va lues  of the 
f i e l d  magnitude. The use  of s u r h  d a t a  i s  t o  f l a g  
e v e n t s  when a h igh  rate of change i s  observed ,  o r  
t h e r e  i s  s i g n i f i c a n t  power i n  upper p a r t  o f  t h e  
f requency  band of t h e  in s t rumen t .  The d e t a i l e d  
p rocess ing  requi rements  f o r  t h i s  purpose w i l l  
need t o  be reviewed when h ighe r  p r i o r i t y  t a s k s  
f o r  t he  DPU a r e  b e t t e r  de f ined .  

The primary DC t o  50 Hz bandwidth 

For r o u t i n e  t e l eme t ry  

- TeleFommand and t e l e m e t E x i n t e r f a c e s  wi th  t h e  
s p a c e c r a f t  d a t a  and command subsystem. As yet  
t hese  a r e  l a r g e l y  undef ined ,  a l though a crude  
form of packe t i s ed  t e l eme t ry  i s  be ing  envisaged 
f o r  t h e  miss ion .  The DPU w i l l  assemble t h e  
ins t rument  d a t a  packets  f o r  t r ansmiss ion  Lo t h e  
t e l eme t ry  system. Telerommands w i l l  be decoded 
and implemented by the  DPU. 

- Ins t rument  h e a l t h  monitoring. The DPU w i l l  
c o l l e c t  and prepare  for  t r ansmiss ion  i n t e r n a l  
d i g i t a l  and analogue housekeeping channels .  
Furthermore,  t h e r e  w i l l  be a t  l e a s t  a l i m i t e d  
a b i l i t y  b u i l t  i n t o  t h e  DPU t o  monitor t h e  h e a l t h  
of s p e c i f i c  f u n c t i o n s  s o  t h a t  i t  can perform some 
se l f -checking  and f a i l u r e  r e r o n f i g u r a t i o n .  These 
f u n c t i o n s  can be modified o r  over r idden  by ground 
command. 

- Contro l  and sequencing of i n - f l i g h t  t E .  The 
ins t rument  has  b u i l t - i n  t e s t  sequences both  f o r  
----__I--- 

t he  d i g i t a l  and t h e  ana logue/sensor  p a r t s .  These 
t e s t  sequences a r e  i n i t i t e d  by ground command, 
bur c o n t r o l l e d  by the  DPU. 

- Prov i s ion  of magnetic f i e l d  d a t a  t o  most o t h e r  
i n s t rumen t s .  Th i s  f u n r t i o n  i s  desc r ibed  
s e p a r a t e l y  i n  Sub-sertion 3 . 4 .  

The key t o  t h e  des ign  of t h e  DPU is  t h e  s e l e c t i o n  
of  t he  microprocessor  type and i t s  r e l a t e d  dev i r e s .  
The ttlock diagram of the  DPU i n  F igure  4 is  based 
on the  80C86 fami ly  of microprocessor  and 
p e r i p h e r a l  d e v i c e s  which combine low power, h igh  
performance and high t o l e r a n r e  t o  t h e  r a d i a t i o n  
environment of C l u s t e r .  tiowever, t h e i r  
a v a i l a l i l i t y  lias not been a s su red ,  so tha t  
a l l  e r n a t i v e s  ( t r a n s p u t e r s ,  MD281) a r e  heing 
eva lua ted .  

Ilowever,  he b r r t . i t e r r u r e  sliokn i n  F igu re  4 i s  a 
tood guide  L O  rhe  des ign  g o a l s  o f  t h e  I3lT.  A 
f z i l u r e  t o l e r a n t  DI'U needs a miniu:um of tiqo 
p rocesso r s ,  each  having a c c e s s  t n  a l l  t he  fur,cl i o c s  
and i n t e r f a r e s  which need I (I be i nco rpora t ed .  This  
desj>;n u s e s  I wci b u s  syst ems, i nc lud ing  d a t a ,  
add res s  and c o n t r o l  buFes, i s o l a t e d  by p ro tec t ed  
bus i n r e r f a c e  u n i t s .  Tr,pllI and nurpiit f u n c t i o n s ,  
such a s  t he  N j C s  and s p a r e c r z f t  i n t e r f a c e  u n i t s  e r e  
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memory mapped through the bus system, but need to 
be duplicated to avoid single point or function 
failure modes. Each microprocessor has its own 
programme and scratch memory. The software is held 
mostly in ROMs in order to minimise the amount of 
code that needs uplinking every time the instrument 
is switched on. The design of the flight software 
will be highly modular to provide sufficient 
flexibility but needing only minimal reprogramming. 

The two microprocessors will normally perform 
different functions: while one will handle the data 
acquisition process, including the digital 
filtering, the other will handle the interface 
tasks, both with the spacecraft and with other 
instruments. In case of failure of one of the 
processor units, the other is able to take over 
some of the vital tasks, so that the instrument can 
maintain a basic operational level. 

3 . 4  The inter-experimentx. 

Other instruments on Cluster, such as the plasma 
detectors and the electron gun require the magnetic 
field data in real time for use in the onboard 
acquisition and processing of their own data. The 
interface and the data to be transmitted have not 
been finalised at this stage. It has been proposed 
to provide the raw data, as telemetered for the 
magnetometer itself, but in a continuous data 
stream, rather than in the form of the assembled 
packets. 

The basic data format which has been proposed 
consists of contiguous, synchronous data words of 
64 bits, transmitted 16 times per second. Each 
data word would contain a start bit, the three 
components of the magnetic field vector, with a 
resolution of 12 bits, and 3 bits of range 
information. The rest of the word is filled with 
zeros. No protocol is envisaged, the data would be 
simply loaded into a user experiment's register at 
62.5 ms intervals. The shift clock will be 
continuous at 1024 Hz. The data are in spinning 
spacecraft coordinates (no despinning is planned on 
board) and uncorrected for offsets. However, 
information on offsets and gains needed for 
interpreting the data will be made available to 
users of the link. 

4.  IMPLEMENTATION PLANS 

The definition status of the instrumentation is 
quite advanced so that most major characteristics 
and interfaces are known. The detailed design of 
most subsystems has been initiated. There is of 
course a great deal of previous experience in most 
areas, and beyond the customary difficulties caused 
by mass, power and financial constraints, the 
implementation of the instrument is not regarded as 
involving high risks. 

The mass of the instrument has been set at 2.8 kg, 
including the two sensors, the electronics box and 
the boom harness connecting the sensors to the 
electronics. The primary power for the instrument 
is 2.7 W. 

A key issue for the investigation is the magnetic 
cleanliness of the spacecraft. Past experience has 
shown that it is possible to build magnetically 
clean spacecraft, but not without a significant 
effort on the part of all participants in the 
mission. For the Cluster programme it has been 
decided to implement a partnership, through the 

Electromagnetic Cleanliness Board, between the 
experimenters, the ESA Programme Office and the 
prime contractor to be selected, to set up an 
appropriate test programme and to ensure the 
required discipline needed to meet the design goal 
of 0.25 nT background field at &he sensor location 
on the boom. The stability of the background must 
also be better than 0.1 nT in 100 seconds. 

For the implementation of the instrument and the 
processing and analysis of the data, the 
Investigator Team has agreed to share the tasks as 
follows: 

Imperial College: Overall system design and 
leadership of the investigation; design and 
construction of the DPU, power supply, electronics 
box, Electrical Ground Support Equipment; magnetic 
cleanliness programme; environmental testing; data 
processing; flight operations. 

Technische Universitat Braunschweig: Instrument 
calibration programme; participation in the DPU 
design and construction; magnetic cleanliness 
programme. 

Koln Universitat: Data reduction and processing; 
participation in the magnetic cleanliness and 
instrument calibration programmes. 

Institut fur Weltraumforschung, Graz: Design and 
construction of the analogue multiplexers and A-D 
converters; part of the flight software; magnetic 
cleanliness programme. 

NASA/GSFC: Provision of the magnetometer sensors, 
their analogue electronics and the boom cables. 

UCLA: Data reduction and processing, software for 
intercalibration in flight. 

Dansk Rumforkningsinstitut: Support for the 
magnetic cleanliness and instrument calibration 
programmes. 

CRPE/CNET: Magnetic cleanliness support; liaison 
with the Cluster wave consortium. 

- JPL: Data simulation/modelling. 

This list identifies only the major tasks of each 
group. All investigators are expected to play a 
full and equal part in the scientific analysis of 
the data. 

- 

The Investigator Team is conscious of the 
unprecedented opportunity for major advances in 
understanding magnetospheric processes offered by 
the Cluster mission. It is ready to make all the 
necessary effort to make the mission a success. 
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